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abstract 

We present a study of the optical brightness profiles 
of early type galaxies, using a number of samples of ra- 
dio galaxies and optically selected elliptical galaxies. For 
the radio galaxy samples-B2 of Fanaroff-Riley type I and 
3C of Fanaroff-Riley type II- we determined a number 
of parameters that describe a "Nuker-law" profile, which 
were compared with those already known for the optically 
selected objects. 

We find that radio active galaxies are always of the 
"core" type (i.e. an inner Nuker law slope 7 < 0.3). 
However, there are core-type galaxies which harbor no 
significant radio source and which are indistinguishable 
from the radio active galaxies. We do not find any radio 
detected galaxy with a power law profile (7 > 0.5). This 
difference is not due to any effect with absolute magnitude, 
since in a region of overlap in magnitude the dichotomy 
between radio active and radio quiescent galaxies remains. 
We speculate that core- type objects represent the galax- 
ies that have been, are, or may become, radio active at 
some stage in their lives; active and non-active core-type 
galaxies are therefore identical in all respects except their 
eventual radio-activity: on HST scales we do not find any 
relationship between boxiness and radio-activity. 

There is a fundamental plane, defined by the parame- 
ters of the core (break radius r& and break brightness fib), 
which is seen in the strong correlation between r& and 
/if,. The break radius is also linearly proportional to the 
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optical Luminosity in the I band. Moreover, for the few 
galaxies with an independently measured black hole mass, 
the break radius turns out to be tightly correlated with 
Mbh- The black hole mass correlates even better with the 
combination of fundamental plane parameters Tb and /Xf,, 
which represents the central velocity dispersion. 
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1. Introduction 



One of the unanswered problems in astronomy is why some 
(early-type) galaxies produce powerful radio sources and 
others do not. Attempts to find optical signatures of the 
process of radio source formation have usually failed, al- 
though some hints have emerged that the general activ- 
ity of galactic nuclei is linked to the merging of galaxies 
and the consequent re-organization of the nuclear region 
(Heckman et al. llUgol Wilson & Colbert HMSjl . 

The Hubble Space Telescope (HST) has opened up 
the possibility of studying the nuclear regions of galax- 
ies in great detail, which resulted in a number of studies 
concerning the nuclear properties of a variety of objects. 
From the by now vast literature we give just a few exam- 
ples: nearby elliptical galaxies (Crane et al. 119931 Jaffe et 
al. rTOMl Faber et al. [15571 Verdoes Kleijn et al. E555J), 
brightest cluster members (Laine et al. l2003|l . and objects 
at higher redshifts (McLure et al. 120040 . 

It was thus found that the inner profile may contain a 
central cusp at small radii, in contrast to the previously 
accepted idea of a constant density core. The profiles can 
be roughly divided into two types: ones with a "break" 
radius at which the slope of the profile changes and be- 
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comes shallower inwards, and those with at most a small 
change in slope. The latter come under the name of power- 
law types and are common among the weaker galaxies 
with M v > -20.5 (H = 80 km s^Mpc" 1 ); the former, 
called core-type galaxies (see Lauer et al. 119951 Jaffe et 
al. I1994|) . are more common among the brighter galaxies 
(M v < -22, Faber et al. HMTjl . 

Several observables are known to be correlated, no- 
tably the central velocity dispersion, the effective radius, 
and its corresponding surface brightness (Djorgovsky & 
Davis ITW1 Dressier et al. 119870 . Together they describe 
a linear plane, known as the fundamental plane of ellipti- 
cal galaxies (see e.g. Bettoni et al. 120011 Woo et al. l2004|) . 
In turn these parameters, or a combination of them, cor- 
relate with the mass of the central black hole. The corre- 
lation between central velocity dispersion and black hole 
mass was first found by Ferrarese & Merritt H2000(l and 
Gebhardt et al. (2000); further discussion can be found 
in, e.g., Graham et al. (jMffl); Erwin et al. (jMHJ). With 
the help of these relations black hole masses have been 
determined for several samples of radio galaxies (Bettoni 
et al. 120031 McLure et al. I2004[) . The parameters making 
up the fundamental plane are, in a sense, global (at least 
the effective radius and surface brightness). However, with 
the parameters that are more related to the conditions in 
the nucleus, like break radius and break surface bright- 
ness fib, we can form a similar "core" fundamental plane 
(Faber et al. 1997). Since there are some plausible theo- 
retical reasons why the inner profiles of the galaxies are 
influenced by the presence of a central black hole, (e.g. van 
der MarelEnnni Ravindranath et al. 120021 Milosavljevic et 
al.|2002), a careful study of the inner profiles may reveal 
important information on the physical conditions in the 
centers of galaxies. 

We will discuss this point in the light of a detailed 
analysis of existing HST data listed in the next sections. 
In particular we study the possible differences between 
galaxies with an AGN (in our case a radio emitting nu- 
cleus) and non-active ellipticals, using i) low luminosity 
(FR type I) radio sources, selected from the B2 sample 
(Fanti et al. I1987[l . ii) powerful nearby 3C radio galax- 
ies of type FR-II, iii) nearby "normal" ellipticals, which 
are not necessarily radio emitters, taken from the sample 
described by Faber et al. I|1997(l . and finally, iv) galax- 
ies that are the brightest cluster members (the sample 
discussed by Laine et al. l2()()H|l . HST's high resolution im- 
ages in the F555W (similar to V) and F814W (similar to 
/) filters, taken with exposure times of 300 seconds, exist 
for a majority (57/100) of B2 radio galaxies (Capetti et 
al. EDS! de Ruiter et al.[2002 ). These provide an excel- 
lent starting point for studying possible relations between 
radio and optical properties, so we discuss these data in 
some detail. Images of Fanaroff-Riley type II (3C) radio 
galaxies were collected from the HST archive. For com- 
parison purposes we used data from a study of brightest 
cluster galaxies (Laine et al. EES) and from the analysis 
of elliptical galaxies done by Faber et al. (p397). 



In Sect. |21 we briefly describe the HST observations of 
B2 radio galaxies, the selection criteria of the 3C FR-II ra- 
dio galaxies, and the method of fitting brightness profiles. 
In Sect. |21 we first discuss the properties of the brightness 
profile fits, followed by an analysis of the possible correla- 
tions of radio and optical properties. Finally in Sect. 01 we 
give a summary of our conclusions. In order to facilitate 
comparison with other articles on the subject, all intrin- 
sic parameters (radio power, absolute magnitudes, sizes) 
were calculated with Hq = 80 km s _1 Mpc _1 . 

2. Selection of the data and profile fitting 

2.1. The data 

Only part of the B2 sample of radio galaxies has been 
observed with the HST (see previous section). The 57 ob- 
jects with HST data are a random selection of the total 
B2 sample and should therefore constitute an unbiased 
subsample. An extensive description of the HST observa- 
tions and of the data reduction steps was given in Capetti 
et al. I|2000j) . so we refer to this article for further de- 
tails on the HST imaging of B2 galaxies. The properties 
of circum-nuclear dust were discussed by De Ruiter et al. 
(2002); Capetti et al. (2002 ) discussed the optical nuclei of 
the B2 radio galaxies in the context of the BLLac Unified 
Scheme, while Parma et al. I|2003|l presented a compre- 
hensive search for optical jets. 

Since some of the B2 galaxies had large amounts of 
dust, not all were used in the present analysis. In fact we 
used only 39 of the 57 B2 galaxies observed with HST, as 
can be seen by counting the objects listed in TablesfJland 
which are discussed in Sect. 12.21 In addition to thir- 
teen galaxies with too much dust, we excluded five other 
objects, either with very strong nuclei (B2 1615+32, the 
BL Lac B2 1101+38, and the broad line radio galaxy B2 
1833+32 also known as 3C 382), or because no satisfac- 
tory one-dimensional brightness profile could be obtained 
(B2 0722+30 and B2 1511+26). 

The HST images are a major step forward in our 
knowledge of the optical properties of B2 radio galaxies, 
as optical work on the B2 sample has always lagged some- 
what behind the extensive radio studies that have been 
done especially since the 1980's (e.g. Fanti et al. 119871 
Parma et al. ITW1 De Ruiter et al. 1139171 Morganti et al. 
1997). However, a complete broad band imaging survey 
of the B2 sample was carried out by Gonzalez-Serrano et 
al. (1993) and Gonzalez-Serrano & Carballo C203IJJ, while 
narrow band Ha images were obtained by Morganti et al. 

In order to complement the data on radio galaxies we 
also analyzed HST images (in the R colour) of a num- 
ber of Fanaroff-Riley type II radio galaxies. These objects 
were selected from the 3CR sample and comprise all (26) 
3CR radio galaxies of type FRII with redshift z < 0.1, 
similar to the range covered by the B2 sample. This is ef- 
fectively the same selection criterion used by Chiaberge et 
al. ( 2000) and it leads to a starting sample of 23 objects 
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with HST data (three not observed by HST; see Table 1 
of Chiaberge et al. 120001) . The observations were part of 
the HST snapshot survey of 3C radio galaxies (de Koff et 
al. 119961 Martel et al. [1999), while all observations were 
done with the F702W filter (similar to the R colour) and 
with exposure time of 280 seconds. For a variety of reasons 
no reasonable Nuker fit could be obtained in eight cases: 
because of a complex dusty morphology, the presence of 
a very close companion galaxy that precluded determi- 
nation of brightness profile, or incomplete coverage of the 
galaxy in the HST field. Unlike FR-I galaxies, many FR-II 
have bright central optical nuclei, and which led to further 
exclusion of five broad emission line objects and one BL 
Lac object (3C 371). For the latter sources the central re- 
gions of the host galaxy cannot be modelled at the smallest 
radii, and the parameters describing the region inside the 
break in the brightness profile cannot be derived. We are 
thus left with a sample of nine FR II galaxies listed in 
Table 01 and discussed in Sect. 12.21 and for these cases we 
used HST archive data on which we performed our own 
analysis (including Nuker-law fits, see below). 

In this paper we address the question of whether radio 
galaxies and normal ellipticals are any different in their 
optical properties. In order to be able to make a proper 
comparison two other samples were used as well: (i) a 
generic sample of mostly nearby elliptical galaxies studied 
by Faber et al. !)1997|1 with data obtained with the F555W 
(V) filter. In that work the bulges of some spiral galaxies 
were also analysed, but for the sake of homogeneity we 
only used data from the ellipticals. And (ii) we used the 
sample of Brightest Cluster Member galaxies in Laine et 
al. (HEl, observed with the F8UW (I) filter. Some basic 
data on the Faber et al. I|1997[> and Laine et al. I|2003f> 
samples are summarized in Table 

We can therefore make comparisons between non- 
active (quiescent) ellipticals and "classical" radio galaxies 
of both the FR type I and II, and thus get some idea on 
the possible differences of the radio active and non-active 
galaxies. 

2.2. The surface brightness profiles and fits 

One-dimensional surface brightness profiles were deter- 
mined using the task ELLIPSE in the STSDAS package of 
IRAF. This program fits ellipses to the brightness of ellip- 
tical galaxies, and determines a large number of variables 
as a function of the radial distance from the galaxy-center, 
among which the most important are the brightness itself, 
the ellipticity and the position angle of the ellipses, and 
the parameters a 4 and 64 (see e.g. Bender et al. I1987b|l . 
which are a measure of how " boxy" or " disky" the shapes 
of the isophotes are. 

A bit more than one half (30/57) of the nuclear regions 
of B2 galaxies show conspicuous dust features in the HST 
images (de Ruiter et al. 20Q2J); about three quarters of 
these features are in the form of circum-nuclear disks, in 
the other cases as more general filaments. We nevertheless 



succeeded in getting realistic profiles for 17 of the 30 dusty 
galaxies (cf. Table 1 of De Ruiter et al. 12002(1 either by 
masking certain regions or by forcing certain parameters 
(for example the ellipticity or position angle) to remain 
constant in the innermost parts. 

Although theoretically the images should be decon- 
volved with the PSF, we decided not to do so. There 
are two reasons for not doing so: first the PSF of the 
WFPC2 is much improved with respect to the WF/PC 
(see Carollo et al. 1997al IT997b|) . which makes the effects 
of the PSF on the brightness profiles less dramatic; sec- 
ond, deconvolution on our snapshot images (with moder- 
ately low signal-to-noise) produces unwanted side effects 
on areas with diffuse surface brightness, as is the case in 
the inner parts of a core profile. Trials on several images 
in our sample revealed that the Lucy-Richardson method 
(Richardson 119721 Lucy I1974|l tends to redistribute the 
brightness and artificially create peaks and valleys, even 
if the original distribution is smooth. Introduction of arte- 
facts by the deconvolution process has been discussed by, 
e.g., Byun et al. ijTMHjl . 

We therefore followed Carollo et al. I|1997afl and 
Carollo et al. I|1997b|) . who took the similar approach 
of not deconvolving the direct images. Instead they con- 
volved the one-dimensional model profiles with the PSF 
before doing the fit. We checked how much the Nuker pa- 
rameters are affected by the PSF by creating artificial im- 
ages using as various sets of Nuker parameters as input 
(see below) and convolving these images with a PSF cre- 
ated with Tinytim (Krist[E392 ). Only in cases where break 
radius r\, is not far away from the central pixel, say < 5 
pixels, corresponding to a distance of about 0.2 arcsec, the 
core radius itself may have been overestimated by about 
20 % in the worst case, while the other parameters do not 
change significantly. Provided that rt, is > 5 pixels, we find 
that variations in the Nuker parameters are negligible; in 
particular the inner slope 7 never varies more than 0.01. 
We therefore conclude that there is indeed no need for 
deconvolution. 

In the small number of objects containing a (faint) 
pointlike central component we simply excluded the in- 
nermost part from the fitting procedure, and started the 
fit at 0.1 arcsec outwards in 1217+29, at 0.2 arcsec in 
B2 0755+37, 1521+28 and 3C388, and at 0.3 arcsec for 
3C88. In all other cases the fit could be made without any 
restriction. In about 80 % of the cases the fitting of the 
profile was done out to at least 10 arcsec, while in the 
remainder the profile was useful out to at least 5 arcsec 
(e.g. 3C 318.1). 

It is common practice to fit the brightness with a 
" Nuker profile" , an empirical law introduced by Lauer et 
al. (1995), which has the advantage of being quite flexible 
and able to fit well especially the inner parts of the profile. 
In addition it can give a measure of the abruptness of the 
change of slope at the core radius. 

The Nuker law contains five parameters: core radius rb 
(in arcsec or pc), the brightness at the core radius /Xf, (in 
mag arcsec -2 ), the outer and inner slopes of the profile 
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[f3 and 7), and finally, parameter a that determines the 
abruptness of the change in slope around the core radius. 
In terms of magnitudes the Nuker law reads: 



fi{r) = /i6 - ( ^—^ J 2.5 log 2 + 2.5 7 log - + 
1 a J r b 

+2 . 5| 'tiW( 1+( i- r 



It should be mentioned that according to Graham et 
al. H2U(J3fl the Nuker law is intended to fit the innermost 
parts (at HST resolution out to ~ 10 arcsec or so) and was 
never intended to describe the outer parts of the galaxy 
profiles as well. According to them a Sersic model gives 
a better representation of the outer profile. Based on this 
consideration Trujillo et al. (2004) devised a new empirical 
model consisting of an outer Sersic profile plus an inner 
power law. Such a model has one more free parameter 
than the Nuker law (six instead of five), and they claim 
that better fits can be obtained. Nevertheless, in the fol- 
lowing we stick to Nuker law profiles, as they allow easy 
comparison with the literature samples used here, and no 
Sersic fits are, as far as we know, available for the bulk of 
the galaxies described in Faber et al. (|1997j) and Laine et 
al. (HISJ). 

We performed Nuker-law fits of the one-dimensional 
brightness profiles determined with the IRAF task 
ELLIPSE, using the HST images of the B2 and 3C ra- 
dio galaxies. We permitted any values of the parameters, 
including negative values of 7. The fit was done in two 
steps. In the first step initial values were obtained by cal- 
culating each parameter directly from a zone were it is 
predominant; e.g. /3 from the outer parts, 7 in the inner- 
most part, and a and rb by determining the intersection of 
the extrapolated inner and outer profiles, assumed to be 
power laws at this zero-order step. Each parameter was 
then varied until a minimum x 2 was reached, and this 
process was repeated for all other parameters. 

Of course, if we started with an arbitrary set of initial 
parameters, we most likely would not converge to the cor- 
rect solution (in terms of the absolute minimum of x 2 ), 
and our method would not work. So we had to start with 
initial values that are close to the final values. Because of 
the way they are determined (see above), we know that 
this condition is met for at least three parameters. In fact, 
we found that the solutions for /3, fib, and r& (and in re- 
ality in most cases also 7) were always close to the initial 
values, which is readily understood if we consider the na- 
ture of these parameters: (3 represents the slope of outer 
profile and cannot be changed drastically without signif- 
icantly worsening the fit. The same is true for fib, which 
fixes the vertical scale and is actually the parameter that 
turns out to be constrained the most, and rb, which sets 
the horizontal scale. 

Even so, it was possible that we would arrive only at 
a local x 2 minimum. Therefore we performed a second 
step, now using the results of the first step for (3, fit, and 



rb as the new initial values, and exploring a grid of ini- 
tial values for 7 and a around their best fit values in the 
first step. Although the resulting Nuker parameters usu- 
ally do not change significantly with respect to the first 
step, we sometimes did reach slightly better fits with 7 
going from slightly negative to about zero, while visual 
inspection shows that this is indeed correct. In other cases 
the best fit 7 also remained (slightly) negative after the 
second step. Thus, the second step may in practice lead 
to a small improvement in the fit of the inner profile. The 
errors, which are one a uncertainties, were determined in 
our Fortran programme by varying the five Nuker law pa- 
rameters step- wise, and one-by-one; they will be discussed 
shortly. We can now be confident that we are, within the 
errors, near to the absolute minimum in x 2 • The reason is 
that if the absolute x 2 minimum is to be found somewhere 
else, there must be another one-cr hyper-region (the region 
spanned by the one-cr errors of the five parameters) cen- 
tered at that point. It must correspond to a significantly 
different set of Nuker parameters. But we have just said 
that at least three of the parameters cannot be very differ- 
ent from the values we had already obtained, while we did 
verify that we arrived at a x 2 minimum by exploring the 
parameter space of the remaining two. Therefore the pos- 
sibility that there is an " exotic" set of Nuker parameters 
that gives a better fit can be safely discarded. 

Our final conclusion is therefore that our method, 
which has the merit of being simple and easy to use, will 
indeed give a final solution that corresponds to the abso- 
lute x 2 minimum, or is so close as to be indistinguishable 
from it, considering the errors in the parameters. 

The results (in terms of the parameters a, /3, 7, rb, and 
fib) are given in Tables ^ 13 and [21 Apart from the Nuker 
parameters we also give the radio power and absolute mag- 
nitude in V. In Tables n and the radio power was taken 
from Capetti et al. H2000D . and magnitudes from the work 
of Gonzalez-Serrano & Carballo (200(3J); the magnitudes 
of the FR-II galaxies in Table [3] were derived mostly from 
Sandage 1|1972[1 . and in a few cases from Smith & Spinrad 
( 198(3) - The- discreteness of this method means that, for 
example in the case of 7, the one-sigma errors are often 
similar, since we used a course step size in the variation 
of the parameters; thus the error cannot be below a min- 
imum value (e.g. 0.05 for fib, see the tables). Therefore 
the quoted errors may in reality be quite conservative. Of 
course since we try to make a fit in a five-dimensional 
space, the uncertainties in the derived parameter values 
are not mutually independent, which makes the problem 
of deriving error bars quite complex. The only way to pro- 
ceed is by Monte Carlo analysis, which was indeed done 
by Byun et al. (1996). They also included the possible 
effect of deconvolution. Since their data are quite simi- 
lar to ours we may safely consider that their conclusions 
will also apply in our case. From their data we conclude 
that the true la errors are in general slightly smaller than 
ours. The error in 7 appears to be typically 0.02 to 0.05, 
to be compared with the values quoted in the tables here, 
which are between 0.05 to 0.15 (in the worst cases). This 
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radius (arcsec) 

Fig. 1. Radial Brightness Profiles and corresponding Nuker-law fits (see text). The HST data of these B2 radio galaxies 
were part of the HST snapshot programme of B2 galaxies discussed in Capetti et al. H2000[) . The inner region of B2 
0755+37 (r < 0.2 arcsec) was excluded from the fit. 



confirms that the errors derived in our program are re- 
alistic or even overestimated, and should in no case be 
underestimates. In TablesHEl and|3we also give the pa- 
rameter 64, the fourth cosine coefficient 1 in the Fourier 
series expansion that measures the disk- or box-like de- 
viations from the pure elliptical shape of an isophote; for 

1 There is some confusion in the literature about the name 
of this coefficient; often it is called 04, but others use 64. The 
important point is that boxiness is determined by the fourth 
cosine coefficient. 



a detailed discussion of the Fourier series expansion see 
Bender & Mollenhoff H1987b|> . We determined the average 
value of 64 in the interval 0.5 to 2.0 arcsec, i.e. in regions of 
the galaxies well outside the nucleus, but not too far out 
where the background becomes comparable in strength to 
the galaxy brightness. The rms errors given in the tables 
reflect the variations within the interval in which 64 was 
determined. 

The brightness profiles of the B2, the B2/3C HST 
archive, and the 3C FR-II radio galaxies are given in Figs. 
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radius (arcsec) 

Fig. 2. Radial Brightness Profiles (continued). B2 radio galaxies up to B2 2236+35 were part of the HST snapshot 
programme (as in Fig.Q. For the remaining B2 sources (from B2 1251+27 to B2 0120+33) the data were taken from 
the HST archive. All the B2 sources given here were discussed in Capetti et al. H2000|l . 3C 15 is part of the 3C FR-II 
sample (HST archive data). The inner region of B2 1521+28 (r < 0.2 arcsec) was excluded from the fit. 



^0 and|3| The residuals of the fitted profiles are typically 
Am <, 0.05. 

For the other comparison samples (nearby elliptical 
galaxies and brightest cluster galaxies) we used the values 
of the Nuker law parameters as published in the respective 
articles of Faber et al. I|1997f) and Laine et al. I|2003ll and 
refer to them for further information. Since the radio data 
are in many cases given here for the first time, we give the 
radio detections and upper limits based on a comparison 



with the NVSS in Table 0] The upper limits were derived 
from the rms-noise in the NVSS data and are 3<t limits. 
For easy reference we also list the redshifts and absolute 
magnitudes in the same table, and make a brief comment 
on whether or not the object was used in our analysis. In 
fact, we decided to exclude dwarf galaxies with absolute 
magnitude greater than —17.5, and were not able to use 
some objects because no radio information is available for 
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Fig. 3. Radial Brightness Profiles (continued): 3C FR-II radio galaxies (HST archive data). If a pointlike nucleus is 
present, the inner region (r < 0.2 arcsec) was excluded from the fit (3C 88, 3C 388). 



a variety of reasons (e.g. an object may be too far to the 
south to be covered by the NVSS). 

There are quite a few objects with a negative inner 
slope (7 < 0), in particular among the B2 galaxies in 
which circum- nuclear dust is present (see Table This 
tendency towards slightly negative 7 values may be related 
to the presence of the dust, even if we did mask certain 
regions, and can of course be due to a small depression in 
the profile caused by the dust. It should be noted, however, 
that all negative values of 7 except one lie within one a of 
zero, so that the effect, if any, is quite small. It is relatively 
simple to get an estimate of the effect of dust on 7, because 
we have images in V as well as /. In dc Ruiter et al. ( 2002 ) 
we used this fact to get an estimate of the amount of 
circum- nuclear dust present in individual galaxies. Taking 
the galaxy B2 0034+25 as a representative case we apply 
a correction to the I brightness in order to correct for the 
absorption by dust and find that 7 would be steeper by 
about 0.02 in the innermost parts, i.e. at a radius < 3 — 4 
pixels; however, such regions had already been masked. We 
conclude therefore that apparent flattening of the profile 
due to the presence of circum-nuclear dust is negligible 
with A7 < 0.01 for all galaxies that were used in our 
analysis. Therefore we do not see any objects of the type 
discussed by Lauer et al. H2002J) . which appear to have a 
genuine central depression in the stellar surface density. 



In Table we give the median values of the Nuker-law 
parameters a, (3, and 7, along with the median redshifts, 
for all the samples used in this paper. There are no big 
differences in the median values of the Nuker parameters; 
in particular the radio galaxies, either of the FR-I or the 
FR-II type, appear to be quite similar. At most the FR-I 
radio galaxies may have a slightly steeper outer slope (3 
compared to the optically selected early-type galaxies of 
the Laine et al. and Faber et al. samples. This may be 
due to the fact that these samples contain more nearby 
galaxies (median redshifts 0.0372 and 0.0048 for Laine et 
al. and Faber et al. against about 0.060 for the radio se- 
lected objects), and we may thus sample the outer slope in 
slightly different regions. It has been shown by Graham et 
al. (2003) that the Nuker parameters are not necessarily 
robust against variations of the radial fitting range used. 
This is of course easily understandable, as fitting with five 
parameters requires a sufficient coverage of all parts of the 
profile. Moreover, the profiles tend to steepen in the outer- 
most parts, curvature that cannot be accounted for by the 
Nuker parameters. This means that more distant galaxies 
tend to have steeper [3, which may very well be reflected 
in the median (3 given in Table |5] Also the other Nuker 
parameters will be affected, as discussed by Graham et 
al. (2003). In particular caution is needed with the break 
radius r^, which tends to be overestimated due to curva- 
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ture in the outer profile. The effect on the inner slope 7 
appears to be somewhat less severe. Of the four samples 
discussed presently, only the Faber et al. sample is very 
different in redshift and therefore in radial range covered 
by the brightness profile. Therefore any systematic uncer- 
tainty of the type described by Graham et al. (pJOgjl will 
affect the comparison between the nearby and the more 
distant galaxies, and may be as much as a factor 2 to 3 
in the break radius. However, the trends in the Nuker pa- 
rameters, discussed below, are so strong that they can in 
no way be explained by the Graham et al. selection effect 
alone; at most the precise form of some of the correlations 
involving (see Sect. 13. 2|) is open to some doubt. 

3. Discussion 

3.1. Optical profiles and radio power 

Since we want to analyze if there are any differences be- 
tween radio-active and quiescent galaxies, we must know 
the radio power or its upper limit. The Laine et al. (2003) 
and Faber et al. ( 1997) samples were optically selected and 
it was not known a priori (at least in many cases) if some 
galaxies of these samples are radio emitters. We searched 
the NVSS 1.4 GHz maps for possible radio counterparts 
and checked in the NED database if radio flux densities 
were already known. As mentioned in the previous section 
the detections and upper limits are given in Tabled 

We divided the galaxies into two classes, the radio- 
active and the non-active objects. As it happens, all radio 
upper limits are less than 10 2175 WHz -1 (see Fig.0J, and 
only very few radio detections are below this; therefore, 
we can use 10 21 ' 75 WHz -1 as the dividing line between 
radio-active and non- active galaxies. 

Is there any difference in the profile properties that can 
be ascribed to a difference in radio power? Plotting the 
radio power against the inner slope 7 in Fig. 0] we notice 
a clear distinction: all radio detected objects have shallow 
slopes (7 < 0.3), while the quiescent galaxies occupy the 
range < 7 < 1 with many having steep (> 0.3) inner 
slopes. It should also be noted that the few radio detected 
galaxies at low radio power (< 10 2175 WHz _1 ) all have a 
slope 7 < 0.3. 

It is known that weaker galaxies (M v > —20.5, see 
Faber et al.[l997) tend to have power-law profiles, and the 
brighter galaxies (M v < —22) core profiles, which means 
that we do expect the fainter galaxies to have steeper inner 
slopes. It might be possible that the effect shown in Fig. 
01 is in reality a consequence of the underlying difference 
between bright and faint galaxies. 

Figure shows that this is not the case. While it is 
true that the brightest galaxies (M v < —22.5) are all of 
the core-type, there is a considerable region of overlap in 
absolute magnitude (roughly M v < —19 ), in which the 
radio-active galaxies are of the core-type while the quies- 
cent ones show a broad range of inner slopes, going from 
core- to power-law type profiles. The only selection effect 
which may play some minor role is the different sampling 




20 22 
log (PyWHz- 1 ) 

Fig. 4. Log of radio power at 1.4 GHz against 7. Filled 
circles: B2 galaxies with dust; open circles: B2 galaxies 
without nuclear dust; asterisks: 3C FR-II galaxies; filled 
squares: Laine et al. galaxies; starred: Faber et al. galaxies. 
The limits are mostly from the Faber et al. sample (con- 
tinuous arrows), with a few from the Laine et al. sample 
(dashed arrows). 

of distances by faint and bright galaxies, which may bias 
the values of the Nuker-fit parameters (as discussed by 
Graham et al. 20031 see previous section). 

The shape of the isophotes has been linked to other 
properties of the galaxies, like strong X-ray emission 
(Pellegrini 1999; she also notes that such galaxies tend 
to have core-profiles), or strong radio emission: accord- 
ing to Bender et al. (1987a, 1989), radio galaxies more 
often have boxy isophotes. No shape information is avail- 
able for the Faber et al. (|1997[) and Laine et al. (|2003fl 
samples, so we can only analyze the radio-active objects 
from the B2 and 3C samples. First, we note that shape 
parameter 64, which measures the boxiness of an isophote 
(see e.g. Bender et al.H987al Bender & Mollenhoff [l987bl 
Lauer 1985a; Lauer H985b|l . varies considerably from the 
inner to the outer isophotes (an effect noted also by Rest 
et al. l2TJCJl"j) and may indeed be negative in some parts 
and positive in other regions. In fact, Rest et al. {2001) 
comment that there is a bewildering variety of changes 
in the isophotal shape, which may oscillate from boxy to 
disky and vice-versa. Another problem is that Bender et 
al. (1987a, and other authors) measure 64 in the outer 
parts of the galaxy, while the high resolution HST images 
analyzed by us cover the inner parts. 

In Fig.|Hlwe show the dependence of 64 on radio power. 
It is obvious that we do not find any significant effect. It is 
true that the four objects with significant boxy isophotes 
(64 < -2%) all have radio power > 10 24 WHz" 1 , but the 
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log (Pj/WHz- 1 ) (1.4 GHz) 



Fig. 5. Absolute visual magnitude against 7. Filled points 
are radio-active, open circles non-active objects. Objects 
with unknown radio power are indicated by crosses. 



large majority of the radio-active galaxies plotted in Fig. [H] 
have 64 close to zero. A similar plot results if we use abso- 
lute magnitude instead of radio power. We therefore have 
to conclude that we cannot confirm that active galaxies 
(in this case radio galaxies) tend to have boxy isophotes, 
but we repeat once again that this may be due to the fact 
that we had to measure 64 much more inward than was 
done in earlier works. 

3.2. The core fundamental plane and black hole 
masses 

The core radius rj, correlates tightly with the core bright- 
ness /if,, which is the equivalent of the Kormendy rela- 
tion between effective scale length r e and brightness \i e 
(Kormendy-.l9?^|. The corresponding plot is given in Fig. 
We used only elliptical galaxies of the core-type (i.e. 
7 < 0.3), as the interpretation of as a core radius is 
dubious in the case of power-law galaxies. 

Figure \7\ confirms the correlation already found by 
Faber et al. ( 1997) and sustains their conclusions concern- 
ing the core fundamental plane. In particular it gives us a 
way (admittedly rough) to estimate the distance to an ob- 
ject by measuring the two observable parameters, surface 
brightness and core size. 

In Fig. [8] we show the correlation between the absolute 
magnitude and the core radius. Also in this figure we used 
only core- type galaxies. This relation was discussed by 
Lainc et al. (2003J), who used their own data and those 
of Faber et al. lfTM7| . Our best fit gives r b oc Li ° 5±01 °, 
where L v is the optical luminosity (at the V band), to be 



Fig. 6. The logarithm of radio power against the "boxi- 
ness" coefficient (54 (in %). Filled circles: B2 radio galaxies 
with nuclear dust; open circles: B2 radio galaxies without 
nuclear dust; asterisks: 3C FR-II radio galaxies. Errorbars 
represent the rms variations of 64 in the radial range be- 
tween 0.5 and 2 arcsec. 

compared with r b oc (Laine et al. I2003[) and r b oc 

Ll A5 (Faber et al. HWjl . 

Considering the scatter in the data it is probably fair to 
say that the present data suggest a roughly linear depen- 
dence (r& oc L v ). It should be kept in mind, however, that 
small break radii can only be detected in nearby galaxies. 
The brighter galaxies are on average at larger distances, 
so that one expects them to have large break radii be- 
cause of this selection effect. Even if the effect is difficult 
to quantify, there are two reasons why it should be small. 
First, some of the brightest galaxies in Fig. [5] happen to 
be relatively nearby, and break radii of the order of 50 
pc could easily have been detected. Second, distant bright 
galaxies with small break radii would appear as "power- 
law" galaxies, and we have seen in Fig. [5] that there are 
no such objects. 

The shape of the profile may depend on the presence 
of massive black holes in the center, and the character- 
istic core-type brightness behavior may be a signature of 
potential nuclear activity that is able to produce a strong 
radio source. From this point of view one may consider 
galaxies with an inner core profile as " radio active" galax- 
ies, so that whether or not a radio source is present is then 
related to the particular stage in the life-cycle of the radio 
source, which is known to be relatively short, < 10 8 years 
(see e.g. Parma et al. I1999|) . 

There are several ways involving massive black holes to 
produce a central cusp in the density profile, for example, 
through the adiabatic growth of a single black hole (van 
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Fig. 7. The core radius ri, (in pc) against ^ (in / 
mag arcsec -2 ), for radio-active (filled circles) and non- 
active (open circles) galaxies. Objects with unknown ra- 
dio power are indicated by crosses. Only core-type galaxies 
(7 < 0.3) are shown. 



der Marel 1999). However, such a model would produce 
steeper inner profiles than the ones observed and would 
not lead to the characteristic "shallow" core (7 < 0.3). 
Although such a model may be applicable to many types of 
nuclear activity found in practically all kinds of galaxies, it 
apparently cannot explain why radio activity occurs only 
in core-type galaxies. 

It is more plausible to link radio activity to a rapidly 
spinning black hole, since the spin axis would provide a 
natural direction along which the radio jets would em- 
anate, and thus at least some properties of the radio source 
would find their origin in the physics of the central engine. 
However, once again the reason that radio activity occurs 
in core-type galaxies remains unknown. 

There is one model that gives a natural explana- 
tion for both radio activity and the creation of a shal- 
low inner brightness profile: binary black hole merging 
(Ravindranath et al. 120021 Milosavljevic et al. l2002f) . For a 
detailed discussion of the merits of single and binary black 
hole models we refer to Merritt (20(2J). The idea that the 
merging of two galaxies, both with massive black holes in 
their centers, may lead to the formation of a rapidly spin- 
ning and very massive central black hole, which may be 
the progenitor of a powerful radio source, was discussed 

mm. 



by Wilson & Colbert 

In short, a radio source can be present if the parent 
galaxy has a core-profile, which is in agreement with the 
idea that there is an innermost zone of stellar depletion, 
created by a (binary) black hole in the center. Of course, 
a core profile is not a sufficient condition for producing a 



Fig. 8. Absolute visual magnitude against r& for galax- 
ies with core-type profiles. Filled circles are radio-active 
galaxies and open circles non-active galaxies. Objects with 
unknown radio power are indicated by crosses. 

radio source, but according to the line of reasoning given 
here, it should be indicative of its potential presence; i.e., 
the radio activity cycle is much shorter than the lifetime 
of a galaxy, so that at any given time the radio source may 
be present, or may not. 

An interesting correlation was found by Graham et al. 
(2001). In addition to the well-known correlation between 
central velocity dispersion and black hole mass, they also 
found that the concentration index (based on Sersic pro- 
files) is quite tightly linked to black hole mass, in the sense 
that a higher concentration of light corresponds to higher 
black hole mass. It is also known that the absolute bulge 
magnitude correlates with black hole mass (Magorrian et 
al.EHHI Wande l [r9"9"9l Ferrar ese fc Merritt [2000 McLure 
& Dunlop IMm Erwin et al. $XM) . In the light of these 
usually very good correlations one might suspect that 
some of the Nuker law parameters may also correlate with 
the mass of the supermassive central (binary) black hole. 
We therefore selected a number of galaxies from the Faber 
et al. I|1997[) list, for which the black hole mass has been 
determined (Merritt & Ferrarese l2001f) . We indeed recover 
the correlation between absolute magnitude and Mbh, 
but find that there is an almost equally good relation be- 
tween the core radius and Mbh- The best fit gives 
log Mbh oc (0.93 ± 0.19) logr?, with correlation coefficient 
r 2 = 0.86; it is shown in Fig.|5J 

It is worth noting that if as the x-axis we use the vari- 
able 0.787 * logn, — 0.256 * fib + 2.73, which according to 
Faber et al. 119971 represents one of the axes of the funda- 
mental plane, then the correlation becomes slightly tighter 
(correlation coefficient r 2 = 0.89). 
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Fig. 9. Core radius Tb (in pc) against Black Hole mass (in 
solar masses) for nine galaxies of the Faber et al. sam- 
ple. Filled circles are radio-active, open circles non-active 
objects. Black Hole masses and their uncertainties were 
taken from the compilation of Merritt & Ferrarese (2001). 

The fundamental plane has been studied by a number 
of authors, and it is now clear that some global parameters 
combine in such a way that they are related to the black 
hole mass (see e.g. Woo et al. 120041 Bettoni et al. 120011 
Bettoni et al. l2"UU5|) . 

4. Summary and conclusions 

We have made a comparative study of several samples 
of early type galaxies, in order to analyze possible differ- 
ences between radio-active and non-active objects. It so 
happens that the four samples used can be divided into 
radio detected galaxies with P > 10 2175 WHz^ 1 , and up- 
per limits: there are only a few detections below this limit 
in radio power. The quiescent galaxies come from the op- 
tically selected samples of Faber et al. I|1997|) and Laine 
et al. J2003), while the large majority of the radio de- 
tected galaxies are either from the B2 sample (Capetti et 
al. l2000[) or from nine 3C galaxies without a strong nuclear 
component, selected from HST archival data. 

" Nuker-law" fits of the surface brightness profiles were 
carried out and Nuker parameters determined from the 
HST images of the B2 and 3C samples. Nuker law param- 
eters of the optically selected galaxies were taken from the 
original papers. 

The results of our analysis can be summarized as fol- 
lows: 

— A clear distinction can be made between radio-active 
and radio quiescent galaxies. All radio-detected galax- 



ies considered here have shallow inner profiles with 7 < 
0.3, while the non-active objects (usually P < 10 21 ' 75 
WHz -1 ) may be either of the core- type or the power 
law type (i.e. 7 > 0.3). Note that there are no differ- 
ences between radio-active and radio-quiescent core- 
type galaxies, and it is quite plausible that the differ- 
ence in radio-activity depends on the particular stage 
in the life of a radio source; the apparently quiescent 
galaxies may, therefore, have had a radio source in the 
past or will become strong radio emitters in the future 
once a new cycle of activity starts. A power-law galaxy 
should never produce a radio source. 

— The distinction in profile between radio-active and 
non-active galaxies is not due to an effect with ab- 
solute magnitude, because in the interval where the 
absolute magnitudes the two types of galaxies overlap 
the differences in the inner profile remain. 

— We do not find any differences between FR-I and FR-II 
radio galaxies, although it can be seen from the pro- 
files that even the 3C galaxies studied here (which were 
selected as having no strong nuclear component) nev- 
ertheless tend to have an unresolved optical core in the 
center. 

— We recover the well-known fundamental plane correla- 
tion between radius and corresponding surface bright- 
ness; however, as in Faber et al. (1997J), the correla- 
tion is between the core fundamental plane parameters 
break radius and break brightness ^b- 

— The luminosity (in our case in the /-band) correlates 
well with break radius ?v We find that r& oc Lj, 05±01 °, 
almost exactly in between the relations found earlier by 
Faber et al. (1997) and Laine et al. ( 2003), so we con- 
clude that the break radius and luminosity are roughly 
proportional. 

— Using the galaxies with independently measured black 
hole masses we find that there is an excellent corre- 
lation with break radius rb- The correlation becomes 
even a bit tighter if instead of r& we consider a fun- 
damental plane parameter that represents the central 
velocity dispersion (a combination of r& and \ib)- 
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Table 1. Nuker law parameters of B2 radio galaxies with detected central dust 
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1347+28 


1.9 


1.51 


-0.05 


0.34 


17.18 


0.0724 


24.24 


-22.20 


-0.4 




0.4 


0.05 


0.10 


0.03 


0.05 








0.3 


1357+28 


1.8 


1.74 


-0.03 


0.40 


16.80 


0.0629 


24.22 


-22.81 


0.0 




0.3 


0.05 


0.05 


0.03 


0.05 








0.3 


1430+25 


0.8 


1.48 


-0.20 


0.13 


16.72 


0.0813 


24.39 


-21.47 


-3.3 




0.3 


0.15 


0.40 


0.03 


0.25 








0.4 


1447+27 


1.43 


2.01 


0.02 


0.47 


15.77 


0.0306 


22.97 


-22.06 


0.8 




0.25 


0.10 


0.15 


0.04 


0.15 








0.2 


1525+29 


1.5 


2.56 


-0.03 


0.53 


16.56 


0.0653 


24.17 


-22.75 


-0.4 




0.3 


0.15 


0.15 


0.05 


0.15 








0.2 


1527+30 


1.6 


1.63 


0.06 


0.34 


16.76 


0.1143 


24.24 


-23.25 


-0.2 




0.4 


0.05 


0.15 


0.03 


0.10 








0.4 


1557+26 


1.26 


1.68 


0.07 


0.21 


15.45 


0.0442 


23.00 


-21.81 


-1.2 




0.15 


0.05 


0.05 


0.01 


0.05 








0.2 


1726+31 


1.3 


1.77 


-0.21 


0.223 


15.96 


0.1670 


26.06 


-22.80 


0.0 


(3C 357) 


0.3 


0.10 


0.25 


0.027 


0.15 








0.6 



14 de Ruiter et al.: Radial Brightness Profiles of B2 Radio Galaxies 

Table 2. B2 radio galaxies: sources without dust 



Name a 7 r b (arcsoc) (u(r 6 ) redshif't log(P t /WHz 1 ) M v b 4 (%) 

±Aa ±A/3 ±A 7 ±Ar ±A/x 1.4 GHz ±A6 4 



0055+26 


1. 


9 


1 


.54 





.03 





405 


16. 


34 





.0472 


24 


80 


-22 


78 





.4 




0. 


3 





.05 





.05 





.018 


0. 


05 

















.2 


0120+33 


2. 


.1 


1 


.41 





00 


0. 


746 


15. 


13 


0. 


.0164 


22 


.49 


-23 


.25 


0. 


.3 


(NGC 507) 





.5 





.10 





.05 





068 


0. 


05 

















.2 


0708+32 


1. 


6 


1 


.39 





19 





300 


17. 


16 





.0672 


23. 


70 


-22 


40 


-1. 


.3 




0. 


3 





.05 





.05 





018 


0. 


05 

















3 


0755+37 


1. 


.5 


1 


.80 


-0 


.12 


1. 


.092 


17. 


05 


0. 


.0413 


24 


.68 


-22 


.28 




- 




0. 


.4 





15 





.25 


0. 


091 





15 
















- 


0924+30 


1. 


.8 


1 


.36 





.09 





.956 


17. 


33 





.0266 


23 


.71 


-22 


.35 


-0. 


.4 




0. 


8 





15 





.05 


0. 


136 


0. 


.15 

















.7 


1003+26 


3 





1 


.23 





.00 





410 


17. 


94 


0. 


1165 


25 


.97 


-23. 


46 


1. 


.2 




1. 


.5 





.05 





.15 





.046 


0. 


.15 

















3 


1005+28 


1. 


9 


1 


.53 





.00 





296 


17. 


24 


0. 


1476 


24 


.44 


-22 


48 


-0. 


.8 




0. 


.4 





.05 





.05 


0. 


018 


0. 


05 

















.4 


1113+24 


2. 


.2 


1 


.42 





.01 





.473 


17. 


44 


0. 


.1021 


23. 


.84 


-23 


.53 


0. 


.5 




0. 


.4 





.05 





05 





027 


0. 


05 

















.6 


1204+34 


1. 





1 


.72 





.25 


0. 


.455 


17. 


47 


0. 


.0788 


24 


.66 


-22 


.43 


0. 


.4 




0. 


6 





.25 





.25 





.091 


0. 


.25 

















.8 


1251+27 


1. 


3 


2 


.18 





.02 


0. 


546 


15. 


86 





.0857 


25 


.56 


-22 


28 




- 


(3C 277.3) 


0. 


3 





.25 





.25 


0. 


077 


0. 


25 
















- 


1257+28 


2 


1 


1 


.83 





.05 


2. 


548 


17. 


97 


0. 


.0239 


23. 


.27 


-23 


46 


-0. 


1 







.5 





.25 





.10 





.001 


0. 


10 














1 


.2 


1422+26 


1. 


.14 


1 


.44 





.00 


0. 


.130 


15. 


44 


0. 


.0370 


24 


.19 


-22 


.04 





.3 







.15 





.05 





.15 





007 





05 

















3 


1450+28 


2. 


.1 


1 


.52 





.07 





195 


16. 


56 


0. 


.1265 


24 


.69 


-22 


.95 


-2. 


.1 




0. 


3 





.05 





.05 





009 





05 

















3 


1502+26 


1. 


.7 


1 


.77 





.27 


0. 


.655 


16. 


60 


0. 


.0540 


25 


.55 


-23 


.79 


1. 


.2 


(3C 310) 


0. 


.6 





.15 





.05 





.068 


0. 


15 

















.4 


1512+30 


2. 





1 


.57 


-0 


.06 


0. 


.337 


16. 


55 


0. 


0931 


24 


01 


-23 


05 


-1. 


1 




0. 


.5 





.05 





.05 


0. 


.027 


0. 


05 

















.4 


1521+28 


2. 


2 


1 


.83 





.00 





846 


18. 


02 





.0825 


24 


.77 


-23 


16 




" 




0. 


.6 





.05 





.25 





059 


0. 


.15 


















1553+24 


1. 


.7 


1 


.64 





.10 





.446 


16. 


41 


0. 


.0426 


23 


.76 


-22 


.32 


-0. 


.5 







3 





.05 





.05 


0. 


027 


0. 


05 

















.3 


1610+29 


2 





1 


.70 





.06 





.946 


16. 


49 


0. 


.0313 


23. 


.12 


-22 


.73 


0. 


.1 




0. 


3 





.05 





.05 


0. 


064 


0. 


05 

















.3 


1613+27 


1. 


5 


1 


.69 





.04 


0. 


.305 


16. 


74 


0. 


0647 


24 


22 


-22 


.18 





.6 




0. 


4 





.10 





.15 





.032 


0. 


.15 

















.2 


1658+30 


1. 


3 


1 


.69 





.00 


0. 


.187 


15. 


02 





.0351 


24 


.07 


-21. 


59 


-0. 


.2 




0. 


3 





.05 





.15 





.018 


0. 


.15 

















.2 


1827+32 


1. 


91 


1 


.43 





.01 





211 


16 


24 


0. 


.0659 


24 


20 


-22 


62 


-0. 


2 




0. 


.25 





.05 





.05 





007 


0. 


05 

















.2 


2236+35 


1. 


9 


1 


.74 





.02 


1. 


.283 


17. 


09 


0. 


.0277 


23. 


.66 


-23 


.12 


-0 


6 




0. 


.4 





15 





.05 





.109 





05 

















.5 



de Ruiter et al.: Radial Brightness Profiles of B2 Radio Galaxies 
Table 3. 3C radio galaxies: FR-II sources 



Name 


a 


P 


7 


r b (arcsec) 




redsmft 


log(Pi/WHz ) 


M v 


i /ay \ 
04 (%) 




±Aq ±A/3 


1 A 


±Ar 


A 

±A/x 




1.4 GHz 




A L 


3C 015 


1.4 


1.39 


0.15 


0.159 


15.68 


0.0730 


25.57 


-21.64 


-0.3 




0.4 


0.05 


0.15 


0.018 


0.10 








0.3 


3C 035 


1.6 


1.07 


-0.06 


0.105 


15.96 


0.0670 


25.19 


-21.20 


0.9 




0.6 


0.05 


0.25 


0.014 


0.15 








0.4 


3C 088 


3.4 


1.28 


0.30 


0.978 


17.47 


0.0300 


24.86 


-21.31 


0.6 




2.4 


0.15 


0.15 


0.086 


0.05 








0.9 


3C 192 


1.8 


1.37 


0.00 


0.091 


14.34 


0.0600 


25.47 


-21.30 


0.5 




0.9 


0.15 


0.40 


0.009 


0.15 








0.4 


3C 318.1 


1.2 


1.90 


0.10 


0.410 


18.10 


0.0460 


23.65 


-20.98 


1.8 




0.8 


0.60 


0.20 


0.136 


0.25 








0.6 


3C 353 


2.0 


1.49 


0.00 


0.259 


16.36 


0.0300 


25.93 


-19.90 


-0.3 




0.4 


0.05 


0.15 


0.018 


0.05 








0.3 


3C 388 


2.0 


1.60 


0.08 


0.956 


18.03 


0.0910 


25.89 


-21.99 


1.0 




1.0 


0.15 


0.25 


0.091 


0.15 








0.6 


3C 403.1 


1.1 


2.33 


0.00 


0.296 


16.23 


0.0554 


24.96 


-19.09 


0.1 




0.3 


0.15 


0.15 


0.027 


0.15 








0.2 


3C 452 


1.8 


1.45 


0.29 


0.246 


16.41 


0.0810 


26.05 


-21.41 


-6.4 




0.9 


0.15 


0.15 


0.027 


0.15 








1.0 
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Table 4. Faber et al. and Laine et al. samples: basic data 



Name 


redshilt 


M v 


log(P t /WHz ) 
1.4 GHz 


Sample 


Comments 


A1020 


0.0650 


-22.29 





F 


no radio info 


A1831 


0.0749 


-23.16 





F 


no radio info 


NGC 221 


0.0002 


-16.60 


<16.95 


F 


not used 


NGC 221V 


0.0051 


-16.60 


_ 


F 


not used 


NGC 524 


0.0062 


-21.51 


20.34 


F 




NGC 596 


0.0057 


-20.90 


<19.86 


F 




NGC 720 


0.0060 


-21.62 


<19.89 


F 




NGC 1023 


0.0027 


-20.14 


<19.21 


F 




NGC 1172 


0.0080 


-20.74 


<20.16 


F 




NGC 1399 


0.0048 


-21.71 


22.97 


F 




NGC 1400 


0.0057 


-21.06 


20.13 


F 




NGC 1426 


0.0057 


-20.35 


<19.86 


F 




NGC 1600 


0.0134 


-22.70 


22.26 


F 




NGC 1700 


0.0095 


-21.65 


<20.31 


F 




NGC 2636 


0.0089 


-18.86 


<20.25 


F 




NGC 3115 


0.0022 


-20.75 


<19.04 


F 




NGC 3377 


0.0027 


-19.70 


<19.21 


F 




NGC 3379 


0.0027 


-20.55 


19.46 


F 




NGC 3599 


0.0054 


-19.71 


<19.82 


F 




NGC 3605 


0.0054 


-19.15 


<19.82 


F 




NGC 3608 


0.0054 


-20.84 


<19.82 


F 




NGC 4168 


0.0097 


-21.76 


20.94 


F 




NGC 4365 


0.0059 


-22.06 


<19.89 


F 




NGC 4387 


0.0041 


-18.88 


<19.58 


F 




NGC 4434 


0.0041 


-18.96 


<19.58 


F 




NGC 4458 


0.0041 


-18.98 


<19.58 


F 




NGC 4464 


0.0041 


-18.23 


<19.58 


F 




NGC 4467 


0.0041 


-17.04 


<19.58 


F 


not used 


NGC 4472 


0.0041 


-22.57 


22.32 


F 




NGC 4478 


0.0041 


-19.64 


<19.58 


F 




NGC 4486 


0.0041 


-22.38 


<19.58 


F 




NGC 4486B 


0.0041 


-17.57 


<19.58 


F 




NGC 4551 


0.0041 


-19.10 


<19.58 


F 
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Table 4. Faber et al. and Laine et al. samples: basic data (continued) 



Name 


redshift 


M v 


logtPt/WHz- 1 ) 
1.4 GHz 


Sample 


Comments 


NGC 4552 


0.0041 


-21.05 


21.44 


F 




NGC 4564 


0.0041 


— 19.94 


<19.58 


F 




NGC 4570 


0.0041 


-20.04 


<19.58 


F 




NGC 4621 


0.0041 


-21.27 


<19.58 


F 




NGC 4636 


0.0041 


-21.67 


21.92 


F 




NGC 4649 


0.0041 


—22.14 


20.90 


F 




NGC 4697 


0.0028 


-21.03 


<19.24 


F 




NGC 4742 


0.0033 


-19.23 


<19.39 


F 




NGC 4874 


0.0249 


-23.54 




F 


no radio info 


NGC 4889 


0.0249 


-23.36 




F 


no radio info 


NGC 5813 


0.0075 


-21.81 


21.14 


F 




NGC 5845 


0.0075 


-19.87 


<20.10 


F 




NGC 6166 


0.0300 


-23.47 


<24.74 


F 




NGC 7332 


0.0054 


-19.91 


<19.82 


F 




NGC 7768 


0.0275 


-22.93 


<21.23 


F 




VCC 1199 


0.0041 


-15.24 


<19.58 


F 


not used 


VCC 1545 


0.0041 


-17.15 


<19.58 


F 


not used 


VCC 1627 


0.0041 


-16.08 


<19.58 


F 


not used 


Abell 76 


0.0372 


-22.60 


<21.49 


L 




Abell 119 


0.0445 


-23.65 


<21.65 


L 




Abell 168 


0.0448 


-22.77 


22.13 


L 


not used 


Abell 189 


0.0330 


-21.52 


<21.39 


L 




Abell 193 


0.0485 


-23.55 


23.10 


L 




Abell 194 


0.0179 


-22.67 


<20.85 


L 




Abell 195 


0.0427 


-22.29 


24.61 


L 




Abell 260 


0.0367 


-23.11 


<21.48 


L 




Abell 261 


0.0164 


-22.45 


<20.78 


L 




Abell 295 


0.0430 


-22.76 


23.09 


L 




Abell 347 


0.0187 


-22.49 


<20.89 


L 




Abell 376 


0.0490 


-23.20 


<21.73 


L 




Abell 397 


0.0333 


-22.88 


<21.40 


L 




Abell 419 


0.0409 


-21.45 


<21.57 


L 




Abell 496 


0.0330 


-23.61 


23.33 


L 
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Table 4. Faber et al. and Laine et al. samples: basic data (continued) 


Name 




redshift 


M v 


logtPt/WHz" 1 ) 
1.4 GHz 


Sample 


Comments 


Abell 


533 


0.0472 


—22.29 


22.09 


L 




Abell 


548 


0398 


—22.37 


23.75 


L 




Abell 


634 


0.0271 


—22.32 


<21.22 


L 




Abell 


779 


0.0227 


—23.42 


21.63 


L 




Abell 


912 


0.0452 


—21.87 


<21.66 


L 




Abell 


999 


0320 


—22.11 


21.57 


L 




Abell 


1016 


0.0322 


—21.90 


<21.37 


L 




Abell 


1142 


0.0350 


-22.49 


21.78 


L 




Abell 


1177 


0.0318 


—23.20 


<21.36 


L 




Abell 


1228 


0366 


—21.85 


<21.48 


L 




Abell 


1314 


0.0328 


-22.95 


22.75 


L 




Abell 


1367 


0.0216 


-22.69 


21.97 


L 




Abell 


1631 


0.0468 


—22.89 


<21.69 


L 




Abell 


1656 


0.0232 


-23.45 


<21.08 


L 




Abell 


1983 


0.0454 


-21.98 


22.78 


L 




Abell 


2040 


0.0457 


—23.07 


<21.67 


L 




Abell 


2147 


0350 


—22.79 


22.51 


L 




Abell 


2162 


0.0321 


—22.75 


23.26 


L 




Abell 


2197 


0.0301 


—23.27 


22.05 


L 




Abell 


2247 


0388 


—22.36 


<21.53 


L 




Abell 


2572 


0.0414 


-23.03 


22.90 


L 




Abell 


2589 


0.0413 


—23.62 


<21.58 


L 




Abell 


2877 


0.0244 


-23.58 




L 


no radio info 


Abell 


3144 


0.0452 


—21.94 




L 


no radio info 


Abell 


3193 


0.0345 


—22.42 




L 


no radio info 


Abell 


3376 


0.0464 


—22.93 


<21.68 


L 




Abell 


3395 


0.0490 


-23.76 




L 


no radio info 


Abell 


3526 


0.0115 


-24.02 


23.92 


L 




Abell 


3528 


0.0544 


-23.99 


24.26 


L 




Abell 


3532 


0.0555 


-24.26 


24.82 


L 




Abell 


3554 


0.0478 


-23.65 


<21.71 


L 




Abell 


3556 


0.0483 


-23.34 


22.50 


L 




Abell 


3558 


0.0477 


-24.61 


22.17 


L 
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Table 4. Faber et al. and Laine et al. samples: basic data (continued) 



Name 


redshift 


M v 


logtPt/WHz- 1 ) 
1.4 GHz 


Sample 


Comments 


Abell 3562 


0.0490 


-23.97 


<21.73 


L 




Abell 3564 


0.0491 


—22.97 


<21.73 


L 




Abell 3570 


0.0372 


—22.15 


24.30 


L 




Abell 3571 


0.0397 


—24.96 


<21.55 


L 




Abell 3574 


0.0155 


-23.41 


<20.73 


L 




Abell 3656 


0.0192 


-23.22 


22.12 


L 




Abell 3677 


0.0460 


-21.81 


22.19 


L 




Abell 3716 


0.0448 


-23.39 




L 


no radio info 


Abell 3736 


0.0487 


-23.62 




L 


no radio info 


Abell 3742 


0.0161 


-21.84 




L 


no radio info 


Abell 3747 


0.0306 


-22.29 




L 


no radio info 


Abell 4038 


0.0283 


-22.32 


<21.25 


L 





N.B. F: Faber et al. 11997t : L: Laine et al. (20031. Detection limit (3 a) is 1.35 mjy; some objects could not be searched (e.g. 
because too far to the south, or because a precise position is lacking). Galaxies with M v > —17.5 were excluded from the 
analysis. Abell 168 was excluded because there is a large discrepancy between the fit parameter 7 and the directly measured 
70.05, i.e. the slope at 0.05 arcsec. We considered the fit parameters in contradiction with the actually observed inner profile. 
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Table 5. Median values of Nuker law parameters. 



Sample 


median z 


a 


P 


7 


B2 with dust 


0.0620 


f.7±0.2 


f.68±0.10 


-O.Of ±0.03 


B2 no dust 


0.0594 


f.9 ± 0.2 


f.60±0.08 


0.02 ± 0.02 


3C FR-II 


0.0600 


f.8 ± 0.2 


f.45±0.08 


0.08 ±0.06 


Laine et al. 


0.0048 


2.f ± 0.2 


f.32 ± 0.02 


0.05 ±0.02 


Faber et al. 


0.0372 


2.0 ± 0.2 


f.33±0.02 


0.08 ±0.05 



N.B. Faber et al. (|1997|l and Laine et al. H2003JI samples 
restricted to core-type galaxies. 



